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Description 

The present invention relates to an ink jet print head for ejecting ink by the deformation of a piezoelectric ceramic 
element by application of a voltage, and a method of producing the same. 

PreviouSTthere was proposed an ink jet print head which uses a piezoelectric ceram.c f^toexa^a 
drop-on<iemand type ink jet print head with ink filled channels (ink channels) wherein the volume .n the mk channels 
changes with deformation of the piezoelectric ceramic element. When the volume ^uc^s device ejed^ ^ nk ,n an 
ink channel from a nozzle as a liquid droplet. When the volume increases, mk f rom an ink introduction . s jntroduced 
to the channel. By causing an inkdroplettobe ejected from an ink channel as required by .ncom.ng print data, ades.red 
character or image is formed on, for example, paper opposing the ink jet print head. 

This type of ink jet print head is described in Japanese Patent Application Koka. Nos. SHO63-247051 . SH063 

2527 TOsXf Ink jS head is used, for example, in ink jet printers. Afirst example of an Inkjet "hejein 
a piezoelectric ceramic element 76 is provided on a sidewall 74 of a housing 72 form.ng an mk chamber 70 will be 

explained while referring to Fig. 1 of the accompanying drawings. 

In order to produce the piezoelectric ceramic element 76, a piezoelectric ceramic sheet is first formed from piezo- 
electric ceramic powder using such techniques as tape casting processes or extrusion processes^ The piezoe ectr.c 
ceramic sheet is cut to a predetermined size and is sintered at a predetermined temperature to obta.n a piezoelectric 
ceramic steTaS Passes are performed to smooth the surface of the piezoelectric ceramic sint^ 
flatness. The piezoelectric ceramic sinter is then polarized. Thus, the piezoelectric cerarmc element 76 ^ ^obta^ed 
Electrodes 77 are formed to both surfaces 90 of the piezoelectric ceramic element 76. A drive crcu.t 79 ,s connected to 

t^ufploduced piezoelectric ceramic element 76 deforms when the drive circuit 79 ^ ,ies ^^°'^° 
the electrode 77 As indicated by the single-dot chain line, the sidewall 74 deforms with deformation of the piezoelectnc 
; ceramic element 76, reducing the volume of the ink chamber 70 and thereby ejecting the ejection liquid, ink in this 
example filling the ink chamber 70. from the nozzle 82 as an ink droplet 80. Afterward, when apphc^on of the dnve 
voltage stops the piezoelectric ceramic element 76 reverts to its shape prior to deformat. on 'teasing 1 ^umed 
the ink chamber 70 so that ink flows from the ink supply channel 84 into the ink chamber 70. A plurality of these ink 
chambers 70 are provided in an array when the device is used in an ink Jet printer 

A second example of ink jet print head 1 as described in Japanese Patent ^cation Koka, No. HE' 2 "^ 
includes a piezoelectric ceramic plate 2; a cover plate 3; a nozzle plate 31 ; and a substrate 41 as shown^ F^ 2 of the 
accompany^ drawings. Toproduce this ink jet print head 1 , a piezoelectric ceramic ^ 

way as described in the first example. A plurality of grooves 8 are cut into the piezoelectnc ceram 1C element using, o 

example, a thin, disk-shaped diamond blade, to form the piezoelectric ceramic plate 2. 
s to each other and to equal depths so as to become gradually shallower in progressing toward the end 15 of the piezo- 

elecS Tal plate 2. The d'epth of each groove 8 decreases thus becoming a shallow groove 16 near the end ia 

The sidewalls 1 1 which form the side surfaces of the grooves 8, are polarized in the direction labeled by the arrow 5 m 

Figs. 3a and 3b of the accompanying drawings. A metal electrode 13 is formed by sputtering abng the upper ^half of 

both side surfaces of each groove 8. A metal electrode 9 is formed by sputtering on the side and bottom "^ff 8 *!^ 
■o inner surface of the shallow groove 16. Thus the metal electrode 9 formed in the shallow groove 16 connects the two 

metal electrodes 13 formed to side surfaces of the groove 8. . , . , . 51 

The cover plate 3 is formed from, for example, a ceramic material or a resin material. An ink .rttroducbo port 21 

and a manifold 22 are cut or ground into the cover plate 3. An epoxy-type adhesive 4, for example is used to bond he 

surfi Z the cover plate 3 containing the manifold 22 to the surface of the piezoelectric ceramic : plate «*M , the 
» grooves 8. As a result, the cover plate 3 covers the grooves 8 thereby forming in the ink jet print head 1 a plurality d ^.nk 

channels 12 having a mutual interval in the horizontal direction. As shown in Fig. 3a. the ink channels 12 are long and 

narrow in rectangular cross section. All the ink channels are filled with ink. 

The nozzle plate 31 provided with nozzles 32 is adhered to the end of the piezoelectric ceram.c plate 2 and the 

cover ptaJ 3. The nozzles 32 are positioned so that the positions of each nozzle 32 win correspond to the .potion of 
so ^respectiveinkchannel 12. The nozzle plate 31 is formed from a plastic such as pojyalkylene terephtina^e (for «am- 

ple, polyethylene terephthalate). polyimide. polyether imide, polyether ketone, polyether sulfone, polycarbonate, or cel- 

,Ul ° S T^e C su2trate 41 is attached by. for example, an epoxy adhesive to the non-grooved side of the Piezoelectric 
ceramic plate 2. A conductor layer 42 is formed to the substrate 41 in a pattern corresponding to positions of the mk 
55 channels 12. An individual conductor wire 43 is connected by wire bonding between each metal electrode 9 .n each 
shallow aroove 16 and its corresponding conductor layer pattern 42. 

referring to the block diagram of the control portion in Fig. 4. of the accompanying drawings. The conductor layer pattern 
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42 formed in t he substrate 41 are individually connected to an LSI Chip 51. A clock line 52, a data line 53 a voltage 
Ine sTTnd a ground line 55 are also connected to the LSI chip 51. Based on the clock pulse consecut* Jy supply 
from me clock Nne 52, the LSI chip 51 determines when ink should be ejected from which nozzles 32 according to date 
omrhedat.ine%3.A 

5 the metal electrode 13 within the driven ink channel 12. A 0 V voltage from the ground line 55 is appl.ed to conductor 
layer patterns 42 not in continuity with driven ink channels. 

An explanation will be provided on the operation of the ink jet print head 1 while referring to Figs. 3a and 3b. Now 
assume^aUhe LS. chip 5? determines to eject ink from ink channel 12b in the Inkjet print 

fng data. The LSI chip therefore applies a positive drive voltage V to metal electrodes 13e and 13f and grounds metal 
w electrodes 13d and 13g. As shown in Fig. 3b, drive electric fields are generated .n the s.dewalls 1 1b and 1 1c .n d.rec- 
bv arrows 14b and 14c respectively. Because the drive electric field directions 14b and 14c are orthog- 
onatot^^^^ 

deform, inthis case, in theinward direction of the inkchannel 12b. Thisdefo^ 

nel 1 2b, rapidly increases the pressure in the ink. generates a pressure wave, and ejects an ink droplet from the nozzle 
is 32 (see Fig. 2) communicating with the ink channel 12b. „ . ..^ 

( When application of the drive voltage V stops, because the sidewalls 1 1b and 1 1 c 9^ual^ regain t f i 
mation shape (see Fig. 3a). the ink pressure within the ink channel 12b gradually decreasesJWhen this happens, ink 
£ supplied to the ink channel 12b from the ink supply port 21 (see Fig. 2) through the manifold 22 ^ Flg^ 

An explanation of the construction of an ink jet printer in which the ink jet print head 1 of F.g. 2 is emp oyed w,ll be 
20 providedvlle referring to Fig. 5 of the accompanying drawings. The above-described ink jet print head land an ink 
reservoirs are both mounted on a carriage 62. The print head 1 and the ink reservoir 61 are connected so as to con- 
necXinner portion of the ink reservoir 61 with the ink introduction port 21 (see Fig. 2) of the ink^ pnrrt head L When 
ink within the ink reservoir 61 is exhausted, the ink reservoir 61 is detached from the carriage 62. and replace* wj a 
new one. The carriage 62 returnably moves along the slider 63. The ink jet print head 1 prints *«»"^"^* 
2S paper 66 supported on a platen 64. Paper feed rollers 65a and 65b move the recording paper 66 in a direction orthog- 
oSoVhe^^^ 

where on the surface of the recording paper 66. . 

This type of Inkjet print head 1 produces a spray of small ink droplets each time an ink drop et ejecteo. A Port°n 
of this spraVbecomes attached to the nozzle plate 31 . Left alone, ink will accumulate gradually on the surface id Mhe 
so nozz.e Xte" 31 . preventing ejection of ink droplets. A moderate period after printing of *«-c»b» compWjj or after 
printing is completed, the carriage 62 is moved to the left side of the printer into a ^"^^^ ^Tpfr 
from, for example, resin or cotton fibers, is provided to a support member 69 fixed m the non-pr.nt.ng area. The wiper 
68 engages or contacts the surface of the nozzle plate 31 as the print head moves left. This sweeping movement 
causes the wiper 68 to remove ink spray attached to the nozzle plate 31 . The wiper 68 is replaced when a large amount 

35 ° f in ThTwTer^fcrnTo n be provided to a movable member, and caused to wipe the surface of the nozzle plate 31 of 
the ink jet print head 1 several times after the print head lis moved to the non-pr.nt.ng area. ucl , 1wl ™ te 
A third example of an ink jet print head 1 also described in Japanese Patent Application Koka. No. HEI2-1 50355 ,s 
shown in cross section in Fig. 6 of the accompanying drawings. Components similar to those descnbed . , the second 

40 example will be accompanied by the same numbering to omit superfluous explanation. The ink ,e pnrt .head 1 1 of this 
example is substantially the same as that of the above-described second example except that 22 «n«* 

formed in the cover plate 3. In this example, the piezoelectric ceramic plate 2 is formed with through "holes 23 and a 
base plate 60 formed with a manifold 22 is provided between the piezoelectric ceramic plate 2 and the subsrate 41 . To 
produce this ink jet print head, grooves 8, which form the ink channels 12, and shallow ™ ™ ^J*! 

45 piezoelectric ceramic plate 2. A through hole 23 is then formed in the bottom of each groove 8. A man fold 22 is formed 
in the base plate 60 running perpendicular to the grooves 8. An ink introduction p«l 121 *^ 
The cover plate 3 is adhered to the grooved side of the piezoelectnc ceramic plate 2, Then, the side of the base plate 
SwTthe^nLd 22 formed therein is adhered to the side of the piezoelectric ceram^ 
23 formed therein. At this time, because the through holes 23 confront the manrfolc 1 22, the ^nrib'dj* .» £™BH"» 

so communication with the plurality of grooves 8. Further, the nozzle plate 31 is adhered f^^^^Xt 
2 the cover plate 3, and the base plate 60. The substrate 41 is adhered to the side of the base plate 60 opposite that 

^AfouT'^ 

A2 andionwhich'the ^characterising portions of appended ^^^ tx ^^ da ^^^ l 
55 Terence to Fig 7 of the accompanying drawings. Components similar to those descnbed in the second example will 
bfac^ 

sfcntiSy the same as that of the second example except that the nozzle plate 31 is omitted from the ink jet prin head 
f Tha is the Inkjet print head 1 of this example is constructed from a piezoelectric ceramic plate 2; the cover plate 3; 
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and the substrate 41. The piezoelectric ceramic plate 2 of this example is formed with not only the grooves 8 and the 
shallow grooves 16 but also small grooves 7. The small grooves 8 have cross-sectional area smaller than the cross- 
sectional area of the grooves 8. The small grooves 7 are cut into the piezoelectric c ramie plate 2 in fluid communication 
with the grooves 8. 

An epoxy-type adhesive, for example, is used to bond the surface of the cover plate 3 to the surface of the piezoe- 
lectric ceramic plate 2 containing the grooves 8. As a result, the cover plate 3 covers the grooves 8 thereby forming in 
the ink jet print head 1 a plurality of ink channels having a mutual interval in the horizontal direction. Also the small 
grooves 7 are covered, forming a plurality of nozzles with positions corresponding precisely to the positions of the chan- 
nels. 

It is noted that similarly as in the second example, the substrate 41 is adhered to the piezoelectric ceramic plate 2 
in the same manner as in Fig. 2. 

These ink jet print heads, however, have various problems. For example, there has been a problem with the piezo- 
lectric ceramic element 76 of the first example of Fig. 1 in that, as shown in Fig. 8 of the accompanying drawings, the 
cutting and grinding processes for forming the piezoelectric ceramic element 76 generate microcracks 91 in the cut and 
ground surfaces 90 of the piezoelectric ceramic element 76. Because the piezoelectric ceramic element 76 deforms 
upon application of a voltage, the microcracks can progress into a break. 

Also, piezoelectric ceramic particles 94 can drop out of the cut and ground surface 90 in the piezoelectric ceramic 
element 76, as indicated by the broken line in Fig. 8, increasing the roughness of the surface 90. This prevents forming 
a continuous metal electrode 77 or forming the metal electrode to a uniform thickness. When the metal electrode 77 is 
formed in this way, the amount that a piezoelectric ceramic element 76 deforms by application of a voltage varies with 
the piezoelectric ceramic element 76 so that the volume of ink droplets ejected from each nozzle 82 also varies. This 
degrades quality of printed characters. 

Because in the second to fourth examples the sidewall 1 1 which deforms to eject ink is formed in the same way as 
in the first example, that is, by cutting and the like of the piezoelectric ceramic element, as shown in Fig. 8, microcracks 
91 are generated in the side surface of the sidewall 1 1 (the cut surface 90). Because application of a voltage deforms 
the sidewall surface 1 1 by piezoelectric thickness shear effect, when microcracks are generated, there is a great pos- 
sibility that the deformation will promote the cracks into a break. 

For the same reason as described above in the first example, a rough sidewall 1 1 surface (which is the cut surface 
90) prevents forming a continuous or uniformly thick metal electrode 13. Such variation causes each sidewall 11 to 
deform to a different extent so that ink droplets ejected from each nozzle 32 contain different volumes. Quality of printed 
characters suffers accordingly. 

Especially, in the ink jet print head of the fourth example as shown in Fig. 7, the small grooves 7, which form the 
nozzles in the piezoelectric ceramic plate 2', are formed also by cutting processes. For this reason, as shown in Fig. 8, 
microcracks are generated in the bottom and side surfaces (the cut surfaces) of the small grooves 7. Piezoelectric 
ceramic particles 94 can fall from the bottom walls and sidewalls 90 of the small grooves, as indicated by the broken 
line in Fig. 8. This worsens the roughness of the surfaces. As a result, when ejecting ink droplets, the flow of ink passing 
through the nozzle is disrupted, affecting the direction of the ink droplet. Ink spray is easily generated in this situation, 
degrading quality of printed characters. 

There has been another problem in ink jet print heads constructed as per the second and third examples of Figs. 2 
and 6. Because the nozzle plate 31 formed with nozzles 32 is adhered to the cover plate 3 and the piezoelectric ceramic 
plate 2. the relative positions of the nozzles to the channels 8 is determined by where the nozzles 32 are formed in the 
nozzle plate 32 and where the nozzle plate is adhered to the tip of the piezoelectric ceramic plate 2 and the cover plate 
3. Therefore, the nozzles 32 are sometimes imprecisely aligned with the ink channels 8. Also, when the nozzle plate 31 
is adhered, excess adhesive runs into the inner surface of the nozzles 32, disrupting the linear ejection of ink or clog- 
ging the nozzles. 

There has been a further problem in the ink jet print head of the second example shown in Fig. 2 in that because 
both the ink introduction port 21 , for introducing ink from an ink supply source (ink reservoir 61), and the manifold 22, 
which supplies the introduced ink to the plurality of ink channels, are formed in the cover plate 3, the shape of, and con- 
trolling cutting processes for forming, the cover plate 3 becomes complex. Because the direction of the cutting operation 
is changed to form the grooves 8 and the shallow grooves 16 in the piezoelectric ceramic plate 2, the process control 
becomes complex. Therefore, production of the cover plate 3 and the piezoelectric ceramic plate 2 is time consuming 
and not well suited for mass production. 

In an ink jet print head of the third example shown in Fig. 6, the ink introduction port 21 is formed in the flat cover 
plate 3. Grooves 8, shallow grooves 16, and the through holes 23 are formed in the piezoelectric ceramic plate 2. The 
manifold 22 is formed in the base plate 60. For this reason, the form of the cover plate 3 becomes simpler and the speed 
at which the cover plate 3 can be formed increases. However, because the through hole 23 is formed in the bottom of 
the groove 8 of the piezoelectric ceramic plate 2, the shape of the piezoelectric ceramic plate 2 becomes more complex 
than that of the second conventional example, and cutting processes become time consuming. Also, because the base 



EP 0 600 748 B1 



plate 60 is required for forming the manrfold 22. the number of components increases and production costs increase. 
Th refor .th devic is poorly suited to mass production. . „„w,einn- 

According to the present invention there is provided an ink ejection device for ejecfng «*. compns,ng. 

defined in Japanese Industrial Standard JIS B 0601 of 1 ^m or less. 
W Preferably the device further comprises a metal electrode provided on a surface of said piezoe.ectric ceramic ele- 

method comprising: 

providing a metal electrode on the surface of said piezoelectric ceramic material, the metal electrode being for 
Sna the eSLic voltage to said piezoelectric ceramic material; and being charactensed by 

nese Industrial Standard JIS B 0601 of 1 jim or less. 

Thus embodiments of the present invention may provide an ink jet print head and a method of producing the same 

30 ,0r XCa.so P rovide^^ 

good qua% because the nozzles are well shaped with smooth inner surfaces and are formed at prease positions. 

the MMo description of the preferred embodiment given by way of example only, wrth reference to the accompany 
35 ing drawings in which: 

Fig 1 is a side sectional view of a first example of an ink jet print head. 
Fig. 2 is a perspective view of a second example of an ink jet print head; 
Fig 3a is a sectional view of the ink jet print head of Fig. 2; 
40 Fig 3b is a sectional view illustrating the operation of the ink jet print head of Fig. 2. 
Fig. 4 illustrates a control portion for operating the ink jet print head of Fig. 2; 
Fig 5 is a perspective view of an Inkjet printer employed with the ink jet print head of F,g. 2. 
Fig 6 is a side sectional view of a third example of an ink jet pnnt head; 

Rg*9 l^Tsudace of a side wall formed in a piezoe.ectric ceramic plate for an ink jet pnnt head produced 

aca^d ng to an injection molding method of a first preferred embodiment of *e prese nU££ n 

Fig 10 is a perspective view of a piezoelectric ceramic plate for an ink jet pnnt head according to a second pre 

Frustrates another example of a sectional side view taken along a line XI - X. of the piezoelectric ceramic 
55 ST,? is a perspective view of a piezoeiectric ceramic plate for an ink jet print head according to a third preferred 

embodiment of the present invention; 
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Fig. 15 is a side sectional view of a piezoelectric ceramic plate for an ink jet print head according to a fifth preferred 
embodiment of the pr sentinv ntion; 

Fig. 1 6 is a perspective view of a piezoelectric ceramic plate for an ink jet print head according to a sixth preferred 
embodiment of the present invention; and 

Fig. 17 is a perspective view of a piezoelectric ceramic plate for an ink jet print head according to a seventh pre- 
ferred embodiment of the present invention. 

An ink jet print head and method of producing the same according to preferred embodiments of the present inven- 
tion will be described while referring to the accompanying drawings wherein like parts and components are designated 
by the same reference numerals to avoid duplicating description. 

A first preferred embodiment according to the present invention will be described hereinafter. The first embodiment 
provides a new method of producing a piezoelectric ceramic plate 2 having the same structure as that of the conven- 
tional piezoelectric ceramic plate 2 as shown in Fig. 2. 

According to the method of this embodiment, first, a calcined piezoelectric ceramic powder and a binder such as a 
thermoplastic resin, a wax or a plastic are kneaded together. Polyethylene, polypropylene, polystyrene, ethylene-vinyl 
acetate copolymer, polyacrylic acid, polyacrylic ester, polymethacrylic acid, polymethacrylic ester, and the like can be 
used for the thermoplastic resin. A natural wax, such as beeswax, carnauba wax, Japan wax, paraffin wax, or microc- 
rystalline wax , or a synthetic wax, such as polyethylene glycol, a montan wax derivative, a paraffin wax derivative, or a 
microcrystalline wax derivative can be used for the wax. Diethyl phthalate, dibutyl phthalate, dioctyl phthalate, and fatty 
acid ester can be used as the plastic binder. A lubricant, such as stearic acid, can also be added to the binder. The ratio 
of the volume of piezoelectric ceramic powder to the volume of the binder is usually between 50:50 and 60:40. 

In an illustrative example, 90% by weight of the piezoelectric ceramic powder of lead zirconium titanate which has 
been calcined at temperature of 850 °C, 5% by weight of the thermoplastic resin of polymethacrylic ester, 2% each by 
weight of the waxes of paraffin wax and microcrystalline wax, and 1% by weight of the plastic of dioctyl phthalate are 
weighed and then kneaded for two hours in a pressure kneader. 

There are no particular restrictions as to the kneading method. Kneading can be performed using another device 
such as a Banbury mixer. 

After kneading, the kneaded material is pelletized by a pelletizer. The pellets become the material for injection 
molding. 

The kneaded material need not necessarily be pelletized in a pelletizer. Granulating the kneaded material in a 
grinding machine is also acceptable. 

The injection molding material is put into an injection molding machine and injection molded into a piezoelectric 
ceramic molded product under 700 kgf/cm 2 injection pressure. A metal mold used in the injection molding machine has 
such a form that may be transcribed to the injection molding material and may provide the piezoelectric ceramic molded 
product which has formed therein the grooves 8, the shallow grooves 16 and the sidewalls 11 as shown in Fig. 2. For 
example, the grooves 8 are 100 \im wide and 600 jim deep. 

The injection molding machine can be a standard injection molding machine for injection molding resins or an injec- 
tion molding machine with improved abrasion resistance required for injection molding ceramics and metals. 

The piezoelectric ceramic molded product is then placed in a degreasing furnace where degreasing processes are 
performed to remove organic materials, such as thermoplastic resins, from the piezoelectric ceramic molded product. 
During this time, argon, nitrogen, hydrogen, oxygen, air, or a mixture of two or more of these gases are introduced to 
the degreasing furnace. The degreasing oven can be pressurized, evacuated, or maintained at normal pressure. 

In this present example, temperature in the degreasing furnace is increased from room temperature to 120° C at a 
rate of 50° C/hour, from 120 to 160° C at a rate of 10° C/hour. from 160 to 200° C at a rate of 4° C/hour, from 200 to 
350° C at a rate of 5° C/hour, from 350 to 450° C at a rate of 1 0° C/hour, and from 450 to 500° C at a rate of 50° C/hour. 

Temperature does not necessarily need to be raised at the rates described above. Raising the temperature from 
room temperature to the range of 500 to 600° C at a rate of anywhere between about 2 to 100°C/hour is satisfactory. 

After the piezoelectric ceramic is degreased, the furnace is cooled. At this point, compressed air from an air com- 
pressor is introduced into the degreasing furnace through a gas introduction port. The compressed air, along with the 
thermoplastic resin and other organic materials removed from the piezoelectric ceramic molded product, is then evac- 
uated from a gas discharge port in the degreasing furnace. 

The degreased piezoelectric ceramic, with thermoplastic resins and other organic materials removed, is placed in 
an atmospheric sintering furnace and sintered. 

In the present example, the temperature in the atmospheric sintering furnace is raised from room temperature to 
1 ,200° C at a rate of 150°C/hour. After the temperature is maintained at 1 ,200° C for two hours, the temperature is low- 
ered to 700° C at a rate of 300°/hour. Afterward, the furnace is allowed to cool, thus completing formation of the piezo- 
electric ceramic plate 2 having the same structure as shown in Fig. 2. The sintering process contracts the grooves 8 in 
the piezoelectric ceramic sinter to 85 nm wide and 500 \im deep. 
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The temp rature in the atmospheric sintering furnace need not necessarily be raised .n the manner described 
abova VSSa the temperature from room temperatur to th range of 900 to 1 .400» C and maintaining the max.mum 
temperature from anywhere between 0 to 2 hours is satisfactory. 

in order to produce an ink jet print head 1 having the same structure^shown in Fig 2 the piezoele *BcmjiK 
plate 2 formed in the manner described above is then polarized in the direction indicated by the arrow 5. A metal elec 
Si 3 is then formed by. for example, sputtering along the upper half of both side surfaces of each groove a A metal 
etectrode 9 is formed by, for example, sputtering on the side and bottom surfaces of the ™ """"^.^ 
groove 1 6. Thus the metal electrode 9 formed in each shallow groove 16 connect the two metal electrodes 13 formed 
to side surfaces of each groove 8 to each other. 

X.epoxy-typeadhesive^ for example, is used to bond the ^^^<^ r ^ 5 ^ e ^I^Z^2 
lead zirconium ttanate, to the surface of the piezoelectric ceramic plate 2 contam.ng the grooves a As shown in Fig. 2 
toe ZvpZ 3 covers the grooves 8 thereby forming in the ink jet print head 1 a plurality of ink channels 12 hav.ng a 

substrate 41 . Conductor wires 43 are connected by wire bonding between the conductor layer pattern 42 and the metal 
electrodes 9 in shallow grooves 1 6. Thus, an ink jet print head having the same structure as shown ,r , R* 2 '^.ned. 

The control portion for driving the thus obtained ink jet print head 1 may have the same structure as shown i m ^ 
4. The ink jet print head can operate in ^ 
to the ink jet printer as shown in Fig. 5. 



The surface roughness Rz (JIS B 0601) of the sidewall 1 1 of the piezoelectric ceramic plate 2. which is the piezo- 
electric ceramic sinter formed by the above-described method of the present J^^^^^^ 
face roughness tester. The surface roughness Rz is defined in Japanese Industnal Standard JIS B 0601 as the 
maximum difference in height between pits and projections on an uneven surface. Destructive testing, where al bad was 
a^ied normal to thewa.l surface at the upper portion of the sidewall 1 1 near the adhere layer 4. was perform^ usmg 
a special apparatus. The breaking stress generated near the border of the bottom portion of the groove 8 and the side- 
wall 1 1 was measured. The measured value is considered the strength of the sidewall 11. 

For purposes of comparison, the surface roughness Rz (JIS B 0601) and the strength of the sidewall 1 1 of a p.e- 
zoelectric ceramic plate 2 formed by conventional methods were also measured. ^ aramir n , atP o 

In Table 1 , the surface roughness Rz (JIS B 0601) and strength of sidewalls 11 in a P™**™^** l 
formed according to the method of the first preferred embodiment are compared to the surface ™9 "ess Rz (JIS B 
0601) and strength of sidewalls 1 1 in a piezoelectric ceramic plate 2 formed accord.ng to conventional methods. 





First Preferred Embodi- 


Conventional 


Roughness Rz (^m) of the Sidewall Surface 


0.8 to 1.0 


2.0 to 4.0 


Strength of the Sidewall (kgf/mirH) 


35 to 40 


10 to 30 



As can be clearly seen in Table 1 . the surface roughness Rz and the strength of the sidewall 1 1 1 of »he piezoelectric 
ceramic plate 2 formed according to the method of the first preferred embodiment are superior to those of sidewalls 1 1 
in the conventional piezoelectric ceramic plate 2. .„ .. all1i 

As shown in Fig. 9. no piezoelectric ceramic particles 94 were missing from the surface 90 of the sidewall I 1 1 . 
Because all particles 94 were present on the surface, the surface roughness Rz was 1 jim or less. Because no micro- 
cracte 91 sS Rg 8) were generated in the sidewall 11. the sidewall 11 had a strength of 35 kgfW or more. Fur- 
thermore, such dimensions as the width, height, and pitch of each sidewall 1 1 were highly precise. 

Even if materials other than the piezoelectric ceramic powder, thermoplastic resm wax. or p last : ma tenal 
described above in the first preferred embodiment are used, the surface roughness Rz of the sidewall 1 1 of the piezo- 
electric ceramic plate 2 becomes 1 jim or lower and its strength becomes 35 kgf/mm or greater. 

A metal e.ecfrode 13 was formed to the sidewall 1 1 of the piezoelectric ceramic plate 2 formed accord ng to he 
method of the first preferred embodiment. Because the surface roughness Rz of the sidewall 11 .s 1 ^ or less, the 
metal electrode 13 was uniformly formed. . 

As described above, according to the first preferred embodiment of the present invention, because microcracks 91 
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(refer to Fig. 8) are not generated in the piezoelectric ceramic plate 2 formed by injection molding, deformation caused 
byte piezoelectric thickness shear effect d es not crack the sidewal. 11 . Also, the strength °f the sdew^l 1 1 « h gh. 
Because no spaces appear in the surface 90 of the sidewall 11 from rn.ss.ng particles, the surface roughness Rz .si 
^Tss so^e meSfe.ectrode 13 can be formed uniformly. For this reason, the amount of positional change o each 
sidewall 1 1 is substantially the same so the volume of ink droplets ejected from each nozzle 32 .s substantially the 
same. This improves the quality of printed characters. 

Because the metal electrode 13 is uniform, and moreover, because the sidewall 11 is strong, a W M cunrt 
can be applied and the position of the sidewall 1 1 can be greatly changed. For this reason, ejection of ink droplets 

be Ts e ioXeferred embodiment of thepreserrt invention wil.be 

in the figure, a piezoelectric ceramic plate 2 of the second preferred embod.ment is substantially the ^ as that of 
the first preferred embodiment, except that the nozzles 32 are integrally formed during the inject.on molding operat.orv 
That is ttie piezoelectric ceramic molded product produced by the injection molding operation has integrally formed 
therein the grooves 8. the shallow grooves 1 6. the sidewalls 1 1 . and the nozzles 32. The method of producing , the pie- 
zoelectric ceramic plate 2 of this embodiment is therefore substantially the f^^^^T?^^ 
that the metal mold used in this embodiment has such a form that may be transcnbed to the .nject,on molding material 
and may produce the piezoelectric ceramic molded product that has the grooves 8, the shallow grooves 16. the s.de- 
walls 11. and the nozzles 32. Thus produced piezoelectric ceramic molded product has the nozzles with a d.ameter of 
50 urn. The sintering process contracts the diameter of the nozzles 32 to 43 |im 

in order to produce an ink jet print head 1 . the piezoe.ectric ceramic plate 2 of Rq 1 0 ■ £m*«* th ^«^ 
13 and 9 and is adhered to the cover plate 3 and the substrate 41 in the same way as described in the first embod.ment 

Also^nThis n S econ 2 d embodiment, because the piezoelectric ceramic plate 2 is formed by injection molding, microc- 
racks 91 (refer to Fig. 8) are not generated in the surfaces 90 of the side walls 1 1 . Because no spaces appear -in the 
surfaces 90 from missing particles, the surface roughness Rz becomes 1 urn or less so the metal electrodes 13 can be 

form |n d the l pr r ient embodiment, because the grooves 8 and the nozzles 32 are integrally formed by injection molding, 
no adhesive flows into the nozzles 32, and clogging of the nozzles is prevented. Moreover, the relative portmritie 
grooves 8 and the nozzles 32 are already precise so do not need to be aligned. Further, no microcracks 91 (referto Fig. 
8) are generated at the inner surface of the grooves 8 or the nozzles 32 and surface roughness of the : inne, ' surfaces 
improved. The nozzles 32 have a good shape. For this reason, when ink droplets are ejected, the ink flows smoothly 
through the nozzles. Ejection of ink droplets becomes good and generation of ink spray is prevented. Therefore, quality 
of printed characters becomes good. . 

Further, as shown in Fig. 1 1 , because the area near the grooves 8 and the nozzles 32 are in commun,cat.on by a 
curved surface, flow of ink caused when ink is ejected is uniform and smooth. For this reason, air that enters via the 
nozzle 32 is discharged with ejection of an ink droplet. Therefore, air does not enter the ink channel and impede ejection 
of ink droolets and ejection of ink droplets becomes good. 

Because the nozzles 32 are formed by injection molding, the nozzles 32 can be easily formed at any posrt.on w,th 

^^hJfclSiId preferred embodiment describes the area near the grooves 8 and the nozzles 30 as con- 
nected by a curved surface as shown in Fig. 1 1. the same effects can be obtained by connecting the area near the 
grooves 8 and the nozzles 32 with an inclined surface as shown in Fig. 1 2. 

A piezoelectric ceramic plate 2 for an ink jet print head according to a third V*°"^e m ^™£^ZZn£i 
13 includes grooves 8. shallow grooves 16, sidewalls 11. ink introduction port 21, and manifold 22 integrally formed 
using the same processes as described in the first preferred embodiment. More specifically, '"^emb^jment he 
piezoelectric ceramic molded product produced by the injection molding operation has integrally formed th«e,n1 IJie 
grooves 8. the shallow grooves 16. the sidewalls 1 1. the ink introduction port 21 . and the manifold 22. The method of 
producing the piezoelectric ceramic plate 2 of this embodiment is therefore substantially the same as tha of the first 
embodiment, except that the metal mold used in this embodiment has such a form that may be transcribed to the injec- 
tion molding material and may produce the piezoelectric ceramic molded product that has the grooves 8. the shaHow 
grooves 16 the sidewalls 1 1. the ink introduction port 21. and the manifold 22. The ink introductory port 2 '* fanned 
on the side surface of the piezoelectric ceramic plate 2. The manifold 22 is in communication with the ink 'ntroduct on 
port 21 The depth of the manifold 22 is about 1/3 the height of the side wall 1 1 as measured from the tip surface of the 



In order to produce an ink jet print head 1 . the metal electrodes 9 and 13 are formed, and the cover plate 3 and the 
substrate 41 are adhered, in the same way as described in the first preferred embodiment. 

Also in this third embodiment, because the piezoelectric ceramic plate 2 is formed by injection molding, microc- 
racks 91 (refer to Fig. 8) are not generated in the surfaces 90 of the side walls 1 1 . Because no spaces appear in the 
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surfaces 90 from missing particles, the surface roughness Rz becomes 1 urn or less so the metal electrodes 13 can be 
formed uniformly. 

In the present embodiment, the cover plate 3 can be formed flat, with cutting or other shaping processes unneces- 
sary, because the piezoelectric ceramic plate 2 is integrally formed with the grooves 8, the shallow grooves 16, the side 

5 walls 1 1 , the ink introduction portion 21 , and the manifold 22 by injection molding. Therefore, the piezoelectric ceramic 
plate 2 and the cover plate 3 can be rapidly produced. Therefore, the ink jet print head 1 can be produced more rapidly 
and is suitable to mass production techniques. Because the piezoelectric ceramic plate 2 formed with the ink introduc- 
tion port 21 and the manifold 22 is formed by injection molding, design work related to the manifold 22 and the ink intro- 
duction port 21 , and the positions thereof, is relatively free. 

io As shown in Fig. 1 4, a piezoelectric ceramic plate 2 for an ink jet print head according to a fourth preferred embod- 
iment is substantially the same as that described in the third preferred embodiment except that the ink introduction port 
21 is formed in the cover plate 3 instead of in the piezoelectric ceramic plate 2. More specifically, in this embodiment, 
the piezoelectric ceramic molded product produced by the injection molding operation has integrally formed therein the 
grooves 8, the shallow grooves 1 6, the sidewalls 1 1 , and the manifold 22. The method of producing the piezoelectric 

15 ceramic plate 2 of this embodiment is therefore substantially the same as that of the first embodiment, except that the 
metal mold used in this embodiment has such a form that may be transcribed to the injection molding material and may 
produce the piezoelectric ceramic molded product that has the grooves 8, the shallow grooves 1 6, the sidewalls 1 1 , and 
the manifold 22. 

In order to produce an ink jet print head, the metal electrodes 9 and 13 are formed in the same way as described 
20 in the first preferred embodiment. The cover plate 3, the nozzle plate 31 , and the substrate 41 are adhered to the pie- 
zoelectric ceramic plate 2 in the same way as described in the first preferred embodiment. 

Also in this third embodiment, because the piezoelectric ceramic plate 2 is formed by injection molding, microc- 
racks 91 (refer to Fig. 8) are not generated in the surfaces 90 of the side walls 1 1 . Because no spaces appear in the 
surfaces 90 from missing particles, the surface roughness Rz becomes 1 (im or less so the metal electrodes 1 3 can be 
25 formed uniformly. 

In this embodiment, the ink introduction port 21 is formed in the cover plate 3. but because the manifold 22 is 
formed in the piezoelectric ceramic plate 2, the shape of the cover plate 3 is still simple, and its production is faster than 
production of conventional covers. Therefore, the ink jet print head 1 can be quickly produced and is well suited to mass 
production. 

30 A fifth preferred embodiment according to the present invention will be explained. The piezoelectric ceramic plate 
2 shown in Fig. 15 is formed in the same way as in the above-described fourth embodiment. That is, grooves 8, shallow 
grooves 16, sidewalls 11, and a manifold 22 are formed in this piezoelectric ceramic plate 2. Contrary to the fourth 
embodiment, the manifold 22 is provided below the side wall 1 1 in communication with the plurality of grooves 8. In 
addition, one end of the manifold 22 opens into the side of the piezoelectric ceramic plate 2. Ink is introduced from the 

35 open end (not shown) into the manifold 22. Accordingly, contrary to the fourth embodiment, the cover plate 3 is unnec- 
essarily formed with the ink introducing port 21. In order to produce an ink jet print head, the electrodes 13 and 9 are 
formed, and the cover plate 3, the nozzle plate 31 , and the substrate 41 are adhered similarly as described in the above- 
described embodiments. 

Also in this fifth embodiment, because the piezoelectric ceramic plate 2 is formed by injection molding, microcracks 
40 91 (refer to Fig. 8) are not generated in the surfaces 90 of the side walls 1 1 . Because no spaces appear in the surfaces 
90 from missing particles, the surface roughness Rz becomes 1 \im or less so the metal electrodes 1 3 can be formed 
uniformly. 

In the present embodiment, the cover plate 3 can be formed flat, with cutting or other shaping processes unneces- 
sary, because the piezoelectric ceramic plate 2 is integrally formed with the grooves, the side walls, and the manifold 

45 22 by injection molding. Therefore, the piezoelectric ceramic plate 2 and the cover plate 3 can be rapidly produced. 
Therefore, the ink jet print head 1 can be produced more rapidly and is suitable to mass production techniques. 

As shown in Fig. 1 6, in a print head 1 according to a sixth preferred embodiment, the nozzles 32, grooves 8, shallow 
grooves 1 6, side walls 1 1 , manifold 22, and ink introduction port 21 are all integrally formed in the piezoelectric ceramic 
plate 2 by injection molding. This piezoelectric ceramic plate 2 can be obtained by the use of a metal mold of such a 

so form that is transcribed to the injection molding material to produce the piezoelectric ceramic molded product that has 
the grooves 8, the shallow grooves 16, the sidewalls 1 1, the nozzles 32, the ink introduction port 21 and the manifold 
22. An ink jet print head produced according to the sixth preferred embodiment obtains the benefits of the print heads 
produced according to both the second and third preferred embodiments. 

As shown in Fig. 1 7, in a print head 1 according to a seventh preferred embodiment the nozzles 30, grooves 8, shal- 

55 low grooves 16, side walls 1 1, and manifold 22 are integrally formed in the piezoelectric ceramic plate 2 by injection 
molding. This piezoelectric ceramic plate 2 can be obtained by the use of a metal mold of such a form that is transcribed 
to the injection molding material to produce the piezoelectric ceramic molded product that has the grooves 8, the shal- 
low grooves 16, the sidewalls 1 1 , the nozzles 32, and the manifold 22. The ink introduction port 21 is formed in the cover 
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An^etp*. head produced «»^«th.» ^P^-J^^^^-*^ 
duced through injection molding. 



1 An ink ejection device for ejecting ink, comprising: 

Rz defined in Japanese Industrial Standard JIS B 0601 of 1 ^m or less. 

portion (1 1) for applying the electric voltage to the drive wall portion (11). 
4 The ink ejection device as daimed in claim 3, wherein said surface of the drive wall portion (11) has a surface 
r^ughnei Rz defined in Japanese Industrial Standard JIS B 0601 of 1 urn or .ess. 

, ■ ~j -„ ^io lm q„,4 wherein said piezoelectric ceramic element (2) further includes 
droplet from the ink channel (12) by deformation of the drive wall portion (11). 
6. The ink ejection device as claimed in claim 5, wherein the drive wall portion (1 1) and the nozzle wa» portion (31) 
are integrally formed by injection molding. 
W 7 The ink ejection device as claimed in claim 5 or 6. wherein said piezoelectric ceramic element (2) further includes 
7 - a^Ssu^innecting the drive wall portion (1 1) and the nozzle wall portion (31). 

8 The ink ejection device as claimed in claim 7, wherein the connecting surface is slanted and/or curved. 

the ink channel (12). 
so lO.Theinkejectic.de.ceasc.airnedindaimS.whereinthed^ 
portion (3) are integrally formed by injection molding. 

„. ;„ H 3 ,m q or 10 wherein said piezoelectric ceramic element (2) indudes a plu- 

1 1 . The ink ejection dev.ce as daimed in claim 9 or 1 0. < *™re'" ' » P'~° h , |(J piez oelectric ceramic 

Suction port (21) for supplying the introduced ink to the plurality of ink channels (1 2). 

12 . rneinkejectiondeviceas^^ 
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J) are integrally formed by injection molding. 



13. The ink ejection device as claimed in any preceding daim. further comprising a cover p.ate (3) for defining the or 
an ink introduction port (21) for introducing ink toward the or each .nk channel (12). 

^.Amethodofmanutoctur^ 

the step of injection molding at least the piezoelectric ceramic element (2). 



prising: 



proving a meta, electrode on the surface of said piezoe.ectric ^Z^^^^*^** 

a surface roughness Rz defined in Japanese Industrial Standard JIS B 0601 of 1 um or less. 

(Sb^deformationofthedrivewalKII^ 
?s and the nozzle wall (3 1 ) from piezoelectric ceramic material. 

30 ceramic material. 

wall from piezoelectric ceramic material. 
PatentansprOche 
40 1 TintenausstoBvorrichtung zum AusstoBen von Tinte, mit: 

45 Tintenkanal ausgestoBen wird; 

STasCeTkiSche Keramikelement (12) ein SoritzguB ist und eine Oberfiache ^ einer in der japani- 
schenTnoiSenorm JIS B 0601 definierten Oberfiachenrauheit Rz von 1^m oder wen.ger aufwe.st. 

03) zum Anlegen der elektrischen Spannung an das piezoelektrische Kerannkelement (12). 
^ Sen der elektrischen Spannung an den Tr iberwandabschnitt (11) vorgesehen ,st. 
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4. TintenausstoBvorrichtung nach Anspruch 3, 

b i der die Oberflache des Treiberwandabschnittes (11) eine in der japanischen Industrienorm JIS B 0601 defi- 
nierte Oberflachenrauheit R2 von 1 urn oder weniger aufweist. 

5. TintenausstoBvorrichtung nach Anspruch 3 oder 4, 

beider das piezoelektrische Keramikelemerrt (2) weiter einen DQsenwandabschnitt (31) zum Definieren einer Duse 
(32) in Verbindung mit dem Tintenkanal (12) zum AusstoBen eines TintentrOpfchens von dem Tirrtenkanal (12) 
durch Deformieren des Treiberwandabschnittes (1 1) aufweist. 

6. TintenausstoBvorrichtung nach Anspruch 5. 

bei der der Treiberwandabschnitt (11) und der DQsenwandabschnitt (31) einstuckig durch SpritzgieBen gebildet 
sind. 

7. TintenausstoBvorrichtung nach Anspruch 5 oder 6, 

bei der das piezoelektrische Keramikelement (2) weiter eine Verbindungsoberflache zum Verbinden des Treiber- 
wandabschnittes (1 1) und des Dusenwandabschnittes (31) aufweist. 

8. TintenausstoBvorrichtung nach Anspruch 7, 

bei der die Verbindungsoberflache geneigt und/oder gekrummt ist. 

9. TintenausstoBvorrichtung nach einem der Anspriiche 3 bis 8, 

bei der das piezoelektrische Keramikelement (2) weiter einen Tinteneinfuhrungs6ffnungswandabschnitt (3) zum 
Definieren einer Tinteneinfuhrungsoffnung (21) zum Einfiihren von Tinte in den Tintenkanal (12) aufweist. 

10. TintenausstoBvorrichtung nach Anspruch 9, 

bei der der Treiberwandabschnitt (11) und der Tinteneinfuhrungsoffnungswandabschnitt (3) einstuckig durch 
SpritzgieBen gebildet sind. 

11. TintenausstoBvorrichtung nach Anspruch 9 oder 10, 

bei der das piezoelektrische Keramikelement (2) eine Mehrzahl von Treiberwandabschnitten (1 1) zum Definieren 
einer Mehrzahl von TintenkanSlen (12) aufweist und bei der das piezoelektrische Keramikelement weiter einen 
Tintenverteilerleitungswandabschnitt (3) zum Definieren einer Tintenverteilerleitung in Verbindung mit der Tinten- 
einfuhrungsoffnung (21) zum Liefern der eingefuhrten Tinte zu der Mehrzahl von Tintenkanaien (12) aufweist. 

12. TintenausstoBvorrichtung nach Anspruch 11. bei der der Treiberwandabschnitt (11) und der Tintenverteilerlei- 
tungswandabschnitt (3) einstuckig durch SpritzgieBen gebildet sind. 

13. TintenausstoBvorrichtung nach einem der vorhergehenden Anspriiche, 

weiter mit einer Abdeckplatte (3) zum Definieren der oder einer Tinteneinfuhrungsoffnung (21) zum Einfuhren von 
Tinte zu dem oder jedem Tintenkanal (1 2). 

14. Verfahren zum Herstellen einer TintenausstoBvorrichtung, wie sie in einem der vorhergehenden Anspriiche bean- 
sprucht ist, wobei das Verfahren den Schritt des SpritzgieBens von mindestens dem piezoelektrischen Keramikele- 
ment (2) aufweist. 

15. Verfahren zum Erzeugen einer TintenausstoBvorrichtung zum AusstoBen von Tinte, wobei die TintenausstoBvor- 
richtung eine Treiberwand (1 1 ) zum Definieren eines Tintenkanals (1 2) zum Auf nehmen von Tinte und zum Defor- 
mieren auf Anlegen hin einer elektrischen Spannung darin so, dafl sich das Volumen in dem Tintenkanal (12) 
andert und Tinte aus dem Tintenkanal (12) ausgestoBen wird, und eine auf einer Oberflache der Treiberwand (1 1) 
vorgesehene Metallelektrode (13) zum Anlegen der elektrischen Spannung an die Treiberwand (11) aufweist, 
wobei das Verfahren aufweist: 

Vorsehen einer Metallelektrode auf der Oberflache des piezoelektrischen Keramikmateriales. wobei die Metall- 
elektrode zum Anlegen der elektrischen Spannung an das piezoelektrische Keramikmaterial vorgesehen ist; 
gekennzeichnet durch 

SpritzgieBen der Treiberwand (1 1) aus piezoelektrischem Keramikmaterial, wobei die Treiberwand (1 1) einen 
Tintenkanal (12) zum Aufnehmen von Tinte definiert, zum Deformieren auf Anlegen hin einer elektrischen 
Spannung darin so vorgesehen ist, daB sich das Volumen in dem Tintenkanal (12) andert und Tinte von dem 
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T.ntenkanal (12) ausgestoGen wird. und eine Oberflach mit einer in der japanischen Industrienorm JIS B 
0601 definierte Oberflachenrauheit Rz von 1|im Oder weniger aufwe.st. 

(31) aus piezoelektrischem Keramikmatenal bildet. 
verteilerleitungswand aus piezoelektrischem Keram.kmaterial bildet. 



1 Dispositif dejection d'encre pour ejecter de I'encre. comprenant : 

quee une tension electrique de maniere a faire varier le volume du canal dencre (12) et a ejecter I encre 
canal d'encre (12) ; 

«SS enl/rarSSepiezoelectrique (2) est realise par moulage par injection et presente une premiere 
s^ce^ 
moins. 

2 Dispositifd'ejectiond^^ 

unTsuLe dudit element en ceramique piezoe.ectrique (2) qui permet d'aophquer la tens.on electnque audrt 

ment en ceramique piezoelectrique (2). 

electrique a la partie de paroi a actionnement (11). 
moins. 

tion de la partie de paroi a actionnement (1 1). 
. 6 Dispose d'ejection d'encre se.on la revendication 5, dans lequel la partie de paroi . actionnement (1 1) et .a partie 
deparoi formant buse (31) sont realisees d'un seul tenant par moulage par injection. 
7. Dispositif d'ejection d'encre selon la revendication 5 ou 6. dans lequ I .edit element en ceramique piezoe.ectrique 
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(2) incut, en outre, une surface de raccordement destine a raccorder ,a parliedeparoi .actionnement (11) et la 
partie de paroi formant buse (31). 
8. Disposer, dejection d'encre se.on .a. revendication 7. dans lequ*! la surface de raccordement est inclinee el/ou 



incurvee. 



permettant d'acheminer I'encre introduite a la pluralite de canaux d encre (1 2). 
rencre introduite en direction du canal ou de chaque canal d encre (12). 

caractense par : -■„„„ amon *Mi^oartirdemat6riaudeceramiquepiezoelectrique 1 la 

le moulage par injection de la paro, * a*' 0 ™*™^^ de re ncre, etant destinee a se 

Industrial Standard JIS B 0601 , qui est de 1 urn ou moms. 

buse (31) a partir de materiau de ceramique pezoelectrique. 

„. ProcMe salon ,a ,„and*a«on ,4, « „ 16 dans Ml. S^^^te^nST* 
4 orHic. cTMraduaion ^SHSSS «S N«»n forme, dun saul 

piezoelectrique. 
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une paroi formant collecteur d'encre destinee a definir un collecteur d'encre (22) en communication avec I'brifice 
d'introduction d'encr (21) permettant d'acheminer I'encr introduite a ia pluralite de canaux d'encre (12), et dans 
lequel ladite etape de moulage par injection forme, d'un s ul tenant, la paroi a actionnement (1 1) et la paroi formant 
collecteur d'encre a partir de materiau de ceramique piezoelectrique. 
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FIG. 1 




FIG. 2 
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FIG. 3a 
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FIG. 4 



4i 



42 



52^ 



54" 



.53 



51 



^"55 



6K 



-65a 
-66 



-64 
,65b 



62 

63 



EP 0 600 748 B1 




8 11 



19 



EP 0 600 748 B1 




20 



EP 0 600 748 B1 



21 



EP 0 600 748 B1 



FIG - 10 
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FIG. 14 
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FIG. 15 
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